Exosomal microRNAs (EXO-miRNAs) attract major importance as prospective diagnostic biomarkers for metabolic syndrome (MS). The intent of our trials was to characterize the serum exosomes, exosomal miRNA and their target genes to identify those that were altered in relation to the different conditions of metabolic syndrome (Type II diabetes mellitus, high-fat-induced obesity and its related disorders) with different forms of treatment to evaluate their use as diagnostic and treatment biomarkers. Eighty male adult albino rats were used in this experiment, 10 served as normal control group and other 70 divided into 7 different groups; the first received high fat high fructose (HFHF) diet for 4 weeks, second received HFHF diet and confirmed to be diabetic and the other five groups are diabetics and treated for another 4 weeks with Okra extract, Gum Arabic, Dapagliflozin, combination of Dapagliflozin& okra Extract and combination of Dapagliflozin& Gum Arabic, respectively.. Our results explained that, the expression levels of miR-122, fatty acid synthase-1 (FAS-1) and Sterol response elementary binding protein-1 (SREBP-1) were significantly higher in the hepatic tissue of metabolic syndrome model groups than that of control and significantly down-regulated after different treatments but still higher than that of control group while carnitine palmitoyltransferase-1(CPT-1) was significantly decreased in the same groups. Also the expression levels of miR-31 was significantly higher in adipose tissue of metabolic syndrome model groups than that of control and significantly down-regulated after different treatments but still higher than that of control group while Leptin gene (Ob), Phosphoinositide-3-kinase, class 2, alpha-polypeptide (PIK3C2A) and Peroxisome proliferator-activated receptor-γ (PPAR-γ) were significantly decreased in the same groups.It was concluded that exosomal miRNA signatures are parallel with pathological consequences of metabolic syndrome sufferers as well as numerous miRNAs display potential biomarkers for non-invasive diagnosis of the metabolic changes.
Introduction
Exosomes are the smallest (30-100 nm) extracellular vesicles produced via a wide range of cells such as neurons, reticulocytes, epithelial cells and tumor cells through multivesicular body (MVB) sorting pathway [1] It was considered as cellular waste products [2] , but recently it has been demonstrated as a "bioactive vesicles" promoting communication between cells and immune-regulatory processes by shuttling molecules between cells [1, 3] The exosomal contents can provoke several changes in receiver cells at transcriptional, post-transcriptional and epigenetic levels [4, 5] Exosomes are produced in numerous cases counting type 2 diabetes mellitus from hepatocytes and visceral adipose tissue; it can transport useful proteins and RNA that regulates the metabolic function of equally distant and nearby cells [6] .
Metabolic syndrome (MS), Reaven syndrome or syndrome X was being outlined as a group of interrelated risk factors for cardiovascular diseases (CVD) and diabetes mellitus, leading to approximately1.6-fold increase in mortality [7] . It is a common cause of the development of atherosclerotic vascular disease and type 2 diabetes (T2D) [8, 9] . It 79 comprises the most frequently occurring disorder including systemic hypertension, central obesity, insulin resistance, and atherogenic dyslipidemia (specifically hyper triglyceridemia and low levels of bad cholesterol) [10] . One of the mainly up to date thrilling findings was that miRNAs present in exosomes and these exosomal miRNAs can be actively transported into objective cells [11] .
MicroRNAs are a set of small non-coding RNAs (19) (20) (21) (22) nucleotides) that perform as modulators at the post-transcriptional level of gene expression and regulating lipid metabolism and carbohydrate biosynthesis [12, 13] .
MiR-122 has been well-known as a critical monitor of gene expression in the liver, furthermore it represents more than 70 % of liver miRNA [14] . Moreover, it is involved in a number of vital aspects of liver pathophysiology, metabolism of lipid and hepatitis C Virus reproduction [15] .
SREBP-1; a key regulator of lipogenesis at transcriptional level, controls homeostasis of cholesterol inside the cells in addition to stimulation of numerous genes implicated in the fatty acid synthesis (FAs), cholesterol and triacylglycerol [16] . Synthesis of FAs is operated by FAS-1 that make use of malonylCoA and NADPH to produce palmitic acid [17] . CPT-1 is a key regulatory enzyme of β-oxidation of FAs in liver along with low level of CPT-1 favor utilization of FAs for triacylglycerol biogenesis and storage [18] .
The elevated level of miR-31 can reduce the gene expression of adipogenic markers PPARγ, adipocyte protein 2 (aP2) and CCAAT-enhancer-binding protein-α (C/EBPα) and the enhancer binding protein that can operate the leptin promoter [19] . PPAR-γ that previously described to control adipogenesis as well as lipid metabolism, recently; in a precedent case it was reported that elevated expression of PPAR-γ via high fat diet is accountable for heart diseases by up-regulation of many enzymes (D-beta-hydroxybutyrate dehydrogenase, 3-hydroxy-3-methylglutarylCoA synthase 2 and pyruvate dehydrogenase kinase 4) in mitochondria [20] . Leptin is a fully recognized hormone produced from adipose tissue and control both lipid storage and appetite [21] . Phosphatidylinositol3-kinase (PI3K) Class-IA catalytic subunit (PIK3CA) is a main moderator for the signaling of insulin and concerned in several human diseases as diabetes mellitus [22] .
Abelmoschus esculentus fruit (Okra) is one of the classical examples of a plant used not only as food but also for its exceptional therapeutic significance due to its several beneficial effects like hypocholesterolemic, hypoglycemic, antimicrobial, antioxidant, anticonstipation, anti-inflammatory, anti-cancer activities [23] .
Gum Arabic; a soluble fermentable fiber that proved to have hypoglycemic, antioxidant property as well as superior fat metabolizing effect in preceding studies [24] . It showed the anti-obesity consequence among well adults [25] , and blunted weight gain in many trials in animals [26] .
Dapagliflozin was the original SGLT2 inhibitor accepted in the EU (April 2012) and revealed an innovative and insulinindependent mechanism of action. Dapagliflozin is a powerful and extremely selective SGLT2 inhibitor with a distinctive chemical formula with a C-glucoside [27] .
This work aimed to highlight the role of exosomal miRNAs (miR-122 and miR-31) as potential biomarkers for diagnosis of different metabolic affections including: Type II diabetes, high-fat-induced obesity and its related disorders as well as assessment of involvement of their target genes.
Materials and methods

Animal selection and housing
Eighty male adult albino rats weighting at the commencement of the experiment (150±15) g were used in this study. The rats were acquired from the Central Animal House of Faculty of Veterinary Medicine; Zagazig University. They were acclimatized for 2weeks under standard laboratory conditions without any treatments including good aerated room with appropriate temperature, supplied by clean chow and drinking water ad-libitum. The experimental protocol was approved by the ethics committee of Institutional Animal Care and Use, Zagazig University, Zagazig, Egypt (No. ZU-IACUC/2/F/24/2018).
Experimental design
After 2 weeks from adaptation, rats were subdivided into 8 groups (ten each). The first one served as a normal control group (G1), the rats were supplied with the typical rat chow in addition to pure water. With each 100 g food consumed, the animals from this group had a caloric intake of 300 kcal. The other 70 rats were fed high fat and high fructose (HFHF) diet (diet rich in lard obtained from El Basateen Slaughethourse, Egypt) 60% and 17% fructose added to the typical rats foodstuff) [28] . The caloric intake would be 800 kcal per 100 g food, of which 60% provided by the lard and 17% by the fructose supplementary to the typical rat foodstuff for one month. After that, the blood glucose level was measured [29] , and rats with blood glucose more than 200mg/dl were taken as obese-diabetic group whereas that less than 200mg/dl considered as obese non-diabetic group. The rats were then subdivided into different groups and received different treatments for 4 weeks as follow: Group 2 (G2): obese non-diabetic didn't take any medication,group 3 (G3): obese-diabetic didn't take any medication. Group 4 (G4): diabetic and treated with Okra extract (200mg/kg) [30] , group 5 (G5): diabetic and treated with Gum Arabic powder (500mg/kg) [31] , group 6 (G6): diabetic and treated with Dapagliflozin powder (1mg/kg) [32] , group 7 (G7): diabetic and treated with both Okra extract (200mg/kg) and Dapagliflozin powder (1mg/kg)and group 8 (G8): diabetic and treated with both Gum Arabic powder (500 mg/kg) and Dapagliflozin powder (1mg/kg).
The dose was modified weekly in relation to changes in weight gain to sustain analogous dosage per kg body weight of rat along the whole time of the study.
Sampling
After termination of our study, rats were sacrificed via cervical decapitation, blood was gathered and the serum separated by centrifugation for biochemical investigation, exosomal extraction and western blotting. Small parts from liver and adipose tissues were separated rapidly, washed and kept in liquid nitrogen for molecular investigation.
Biochemical analysis
Serum glucose levels were determined using glucose oxidase method by SPINREACT kit (Girona, Spain). Insulin levels in serum were measured by specific ELIZA kit for rat insulin (Billerica, MA, USA) [33] , Calorimetrically the following parameters were measured: total lipids (TL) [34] , triacylglycerol (TAG) [35] , both of Total Cholesterol (TC) and high-density lipoprotein cholesterol (HDL-c) [36] and both Very low density cholesterol (VLDL-c) & Low-density lipoprotein cholesterol (LDL-c) was estimated by Friedwald formula [37] .
Exosomal isolation
Total exosome was isolated from serum using Exo-Quick kit (Invitrogen TM , USA). Exo-Quick reagent (63μL) was added to 250μL serum supernatant and precipitated overnight at 4°C. Then samples were centrifuged at 1500xg for 30 min at 4°C, the exosome pellets were suspended in either phosphate buffer saline (PBS) or in the suitable buffer for RNA or protein determination [38] .
Characterization of serum exosomes by transmission Electron Microscopy
The morphology and particle size of the serum exosomes were examined using TEM. A 10 µL of exosomes suspension was loaded on an amorphous carbon coated-copper grid. Negative staining was performed by addition of 10 µL of neutral 1% aqueous phosphotungestic acid. The grid was then examined for the exosomes by TEM operating at an accelerating voltage of 80 kV [39] .
Western blot of exosomal markers
Exosomal proteins were isolated and separated on polyacrylamide gels, transferred on PVDF membrane (Life Technologies). The blot was blocked and incubated at 4 °C overnight with anti-CD63 (1:1,000) and anti-CD9 (1:1,000) antibodies. HRP-coupled Antia-Tubulin (1:1,000) (Santa Cruz Biotechnology.Inc.) was added, incubated at room temperature for 1 h. after which washes were repeated and analysis of protein bands was carried out using Image J software [40] 
Molecular analysis
Molecular detection of exosomal miR-122 and miR-31
The miRNAs were extracted from isolated exosomes using mirVana PARIS kits (Ambion, Life Technologies, USA) following the manufacturer's instructions. cDNA were synthesized from extracted miRNA using Quanti-Mir RT kit (System Biosciences,USA). Quantitative real-time PCR (qRT-PCR) analysis was conducted on the Step One Plus real time thermal cycler (Applied Biosystems, Life technology, USA) using the 2X Maxima SYBR Green/ROX qPCR Master Mix at a final volume of 30 µL according to the manufacturer's instructions (Thermo Scientific, USA). The thermal cycler was programmed to 95°C for 1 min, 45 cycles at (95°C for 30 sec, 60°C for 40 sec, and 72°C for 45 sec), and then a final extension at 72°C for 10 min followed by a melting curve program (55-95°C in increasing steps of 0.5°C). β actin gene was used as controls to normalize the qRT-PCR. Efficiencies of each reaction were calculated using Livak and Schmittgen method [41] . Unambiguous forward primers for miR-122 and miR-31were listed in Table 1 while a universal reverse primer was supplied by the purchased QuantiMir RT kit. For further confirmation that the sequence of the primer match the template sequence; Similarity were checked with BLAST (Basic Local Alignment Search Tool, www. ncbi.nhm.nih.gov/blast/Blast.cgi) [42] .
Molecular detection of CPT-1, SREBP1c, FAS, PI3KC2A Leptin, and PPAR-γ genes
Total RNA from hepatic and adipose tissues were extracted using RNeasy Mini Kit (Qiagen GmbH, Düsseldorf, Germany). cDNA synthesis and Real-time PCR were performed for the desired genes as explained above for miRNA using the same kits and the same procedures, and the primer used listed in Table  1 . 
Statistical analysis
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Our results were articulated as means ±S.E. The statistical significance was determined by one-way analysis of variance (ANOVA) using SPSS, 22 software, 2013 and the individual comparisons were calculated by Duncan's multiple range test (DMRT). Values were considered statistically significant when p<0.05.
Results
Effect of HFHF diet feeding on biochemical parameters of adult male rats in serum
The results illustrated in Table 2 showed that feeding HFHF diet resulted in marked increase in serum glucose, lipid profile that represented in increase in total lipids, TAG, TC, LDL-c and VLDL-c in MS groups and these elevated level were lowered following different treatments (Okra Extract, Gum Arabic, Dapagliflozin, Okra extract with Dapagliflozin and Gum Arabic with Dapagliflozin) while there were a significant decrease in the serum levels of both insulin and HDL-c that may predispose to coronary heart disease.
Characterization and labeling serum exosomes
Examination of retained pellets by TEM showed the presence of small vesicles with regular breadth ranged from 10 to 100 nm in the extracted rat sera (Figure 1 ) by exosome isolation kit. Western blot results emphasized the existence of CD63 and CD9 that previously considered main exosomal markers ( Figure 2 ). 
Transcription levels
The expression of miR-122 and miR31were significantly up-regulated in the exosomes extracted from the serum of obesediabetic rats (G3) and obese-non diabetic (G2) compared with other treatments (Figure 3 a,b). Okra Extract (G4) was significantly enhanced the transcription of miR-122 and miR-31 compared with other treatments (Figure  3a,b) , while Gum Arabic +Dapagliflozin (G8) treatments showed the lowest expression of miR-122 and miR-31. The transcript level of hepatic targets of miR-122 of CPT1 gene was significantly inhibited for all treatments compared with the normal control group (G1) ( Figure  3c ). Obese-diabetic rats (G3) showed the lowest transcript level compared with other treatments, however, the expressions of CPT-1 were clearly enhanced with Gum Arabic +Dapagliflozin (G8) followed by treatments of G6 and G7 (Figure 3c ).
The expressions of FAS and SREBP1c genes were highly transcript with obesediabetic rats (G3) compared with all treatments (Figure 3d,e) . As well as the transcription of FAS and SREBP1c genes were highly accumulated with obese-nondiabetic rats (G2) treatments. In general, the transcription of FAS was up-regulated for treatments of Okra extract (G4), Gum Arabic (G5), Dapagliflozin (G6), Okra extract+ Dapagliflozin (G7), and Gum Arabic + Dapagliflozin (G8) (Figure  3d ,e).
The transcription levels for adipose tissue targets of miR-31 revealed a significant downregulation of leptin /obese (Ob), PIK3C2 and PPAR-γ genes (Figure 3f, g, h) for obese-non diabetic rats (G2) and obese-diabetic rats (G3) compared with other treatments. The expression of these three genes was slightly enhanced with treatments of Okra extract (G4), Gum Arabic (G5). While the expression of the three genes was clearly enhanced with treatment Gum Arabic + Dapagliflozin (G8) followed by treatments of G6 and G7 ( Figure  3f, g, h) .
Discussion
The finding that exosomes are contained miRNAs has resulted in a great interest in these nanovesicles as prospective vehicles for miRNA transfer between cells in addition to being a provenance for diagnostic biomarkers as extracellular miRNA. Recently, exosomal miRNAs have considered as ultimate prospective biomarkers since they are protected from various ribo-nucleases that can destruct the circulating miRNAs in extracellular fluid with extreme tissue specificity [43, 44] , Furthermore, miRNAs; the short RNAs can direct protein-coding genes and affect their expression in different tissues.
The intent of the current study was to clarify the character of specific serum exosomal miRNAs as biomarkers reflecting the metabolic state during metabolic syndrome. At the same time detecting the profile of some related gene expression in the same case.The state of metabolic syndrome was confirmed through the biochemical investigation of serum glucose, serum insulin and lipid profile. Feeding HFHF diet given rise to a significant increase in the serum levels of blood glucose, total lipids, total cholesterol, VLDL-c, LDL-c and TAG with a significant reduction in both serum insulin and HDL-c which confirms the state of T2DM. Gancheva et al. [29] and López et al. [45] reported that, feeding HFHF diet for 12 weeks resulted in induction of metabolic syndrome and with elevated serum glucose and lipid profile and a reduction in serum insulin and HDL-c.
To verify the isolation of the exosomes from the serum, TEM results, were examined from the Exo-Quick isolated sera revealed round vesicles of 10-100nm in diameters. Similar results were reported by Dejima et al. [46] . In addition, detection of exosomal protein; both CD9 and CD63 the well-known exosomal markers, and their expression were analyzed by Western blotting. Recent studies have detected more and more exosome associated miRNAs associated with different kinds of chronic diseases, especially metabolic disorders such as diabetes mellitus, fatty liver, obesity, and atherosclerosis [47] .
The effect that exosomal miRNAs may have on the functioning of several endocrine tissues and organs is complicated so we focused on liver and adipose tissue as main organs implicated in metabolic disorders.
Hepatic tissue has a central role in maintaining both glucose and lipid level of the blood in addition to many disorders in liver function influence lipid and glucose balance and haemostasis. Moreover, impairment of liver signaling and metabolism can grounds for predisposition to insulin-independent diabetes [48] .
The miR-122 was verified to be primarily synthesized by liver cells, and takes part in the metabolism of lipids and cholesterol [49] . Many years later on another study by Pirola et al. [50] the main source of miR-122 detected in the serum of nonalcoholic fatty liver disease (NAFLD) patients is in the form of exosomes. In the area of lipid metabolism, miR-122, miR-33 and SREBP-2 may regulate the cell cholesterol level and have an imperative responsibility in the transportation of free cholesterol and synthesis of high-density lipoprotein [51] . Moreover, exosomes were separated from high fat-diet NAFLD mice models and found that the proteins carried by exosomes were different from those in control groups, and those levels of miR-122 and miR-192 had increased in the blood indicating that these miRNAs might be prospective markers for reflecting the development of fatty liver disease [51] . In this study; exosomal miR-122 was up-regulated in the sera of rats from metabolic syndrome (MS) model groups (G2 and G3) with up-regulation of its targets in liver (FAS-1 and SREBP-1c) as previously reported [52] . While, CPT-1 was downregulated in MS groups as compared to the control; then elevated with different treatment with highest level in the group treated with Okra+ Gum Arabic+ Dapagliflozin suggesting improved fatty acids oxidation to be no longer available for triacylglycerol synthesis [53] .
Visceral fat, the store house of TAG, chiefly implicated in regulation of energy homeostasis [54] , irregular fat deposition in obese subject mainly central obesity predispose to the risk of affection with serious disorders for instance MS, type 2 diabetes (T2D), atherosclerosis, along with cancer formation [55] .
In the present study, the exosomal miR31isolated from sera of MS groups exhibited elevated expression as compared to control group, with down regulation of its targets in adipose tissues where leptin, PI3KC2A and PPAR-γ were down-regulated in both obesenon diabetic and obese-diabetic rats when compared to control group, with elevated levels after treatment by Okra extract, Gum Arabic, Dapagliflozin and their combinations with the highest level in group treated with both Gum Arabic and Dapagliflozin; confirming the antiadipogenic role of miR-31. This was in concordance with the consequences of a previous study reported that miR-31 level is indirectly associated with the stage of adipogenic-differentiation as well as its influential anti-adipogenic function through the obvious down-regulation of the adipogenic genes [56] .
Conclusion
It is concluded that serum exosomal miR-122 and miR-31 could be potential biomarkers to predict liver and adipose tissue state in case of metabolic syndrome affection.
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